I WISH to say something on blood which is deficient in coagulating power and to bring to your notice a remedy, namely, protagulin. I desire, further, to impress on you at the outset that this new substance is no mere empirical drug, but that it is the result of patient physiological research and experiment, and realizes, in fact, the harnessing of physiology to serve our needs clinically in the arrest of hammorrhage.
I WISH to say something on blood which is deficient in coagulating power and to bring to your notice a remedy, namely, protagulin. I desire, further, to impress on you at the outset that this new substance is no mere empirical drug, but that it is the result of patient physiological research and experiment, and realizes, in fact, the harnessing of physiology to serve our needs clinically in the arrest of hammorrhage.
In less perfect form than we have it to-day, it came first to my notice in Dublin early in 1913.2 During the war its manufacture fell into abeyance because the world was occupied otherwise, and chemicals used in its preparation, notably acetone, were required for other purposes. Thus it was forgotten: but recently under happier conditions it has come into its own in an improved form and it is this improved form which is my apology for addressing you to-night.
Protagulin contains a substance, thrombin, now believed to be the prime mover in the process of clotting.
The histological structure of circulating blood is to-day regarded as the same as when most of us were students, and consists of (1) plasma; (2) corpuscles: (a) red; (b) white-leucocytes and lymphocytes; (3) blood-platelets.
But modern observers have discovered that in the cycle of events which produces coagulation certain bodies are called into existence by physico-chemical change, and these have entirely altered the view of the mechanism of the process from what was formerly accepted.
When blood is freshly shed the following substances are known to be present:-(i) Fibrinogen, from the plasma.
(ii) Thrombokinase, from the white corpuscles and blood-plktelets and injured tissue-cells (orthodox, but questionable).
(iii) Prothrombin, present as precursor of thrombin and always associated with fibrinogen. (iv) Calcium salts, from the plasma.
(v) Antithrombin, present in blood and demonstrable by in vitro experiments. (vi) Corpuscles. By the older physiologists clotting was held to result from the action of a fibrin ferment on the fibrin derived from fibrinogen, but now the view accredited is that-(1) Prothrombin, in the presence of thrombokinase and calcium, is activated into thrombin; that (2) Thrombin and fibrinogen = fibrin, and that (c) Fibrin + corpuscles = clot. From this it is evident that the clotting is a three-stage action and that the ultimate factor is thrombin. Thrombin was called fibrin ferment by the earlier physiologists, but this latter term has been abandoned in favour of the former for the following reasons:-
The substance is not a ferment. It has none of the characteristics of this group of bodies, e.g.:-
(1) It is destroyed by proteolytic ferments (this is not true of any known ferment).
(2) Its rate of action is seemingly unaffected by temperature (the action of ferments is altered by change in temperature, cold-retarding and heat-accelerating).
(3) Solutions of thrombin give protein reactions (which ferments do not). Thrombin is therefore a protein, probably of a peptone nature. It is prepared by a modified Gamgee method. Gamgee's method is to whip freshly shed blood to obtain fibrin; to wash this fibrin in water until all red colour disappears; to remove water by squeezing and to extract with 5 per cent. sodium chloride solution. You will note that in this, the original procedure, no effort is made to secure sterility, but in Professor Collingwood's modification special steps are taken to obtain such sterility as gives negative results with agar-agar culture. In the clear fluid thus obtained thrombin is not in solution, but occurs in suspension. Besides thrombin there are present other protein molecules of a larger and coarser nature, and these, being heavier, sink to the bottom as a flocculent precipitate when the fluid has stood for a few hours after preparation. This is in no sense a decomposition, nor does it indicate any impairment of coagulant action.
Some interesting phenomena in the physiology and pathology of the blood now come up for consideration. I have just said that three agents require to be present to initiate clotting. Two of these are present in circulating blood, namely, prothrombin and calcium; and the third, thrombokinase, is obtained on injury to the vessel. This would seem to assume that clotting can only take place when a vessel is cut, and cannot occur in an intact blood-stream; but this is not so. We know, clinically, that in all cases of abnormal vessel wall, clotting does occur without external injury, as in aneurysm, phlebitis, and around the heart-valves after rheumatic fever, &c. Why, then, does this clotting, once begun, not go on till it pervades the whole vascular system ? It is stopped by an anti-thrombin the presence of which in the normal circulation is now recognized. This anti-thrombin is probably allied to a substance known as "hirudin," which occurs in the head of tne leech and is the agent in the use of leech-bite, which retards clotting and produces its effect as a blood-letting remedy.
Physiological antithrombin is secreted by the liver and is sufficient to deal with small formations of thrombin such as arise pathologically in the blood-stream in phlebitis and arterial thromboses, &c. Its presence and function are definitely demonstrated by the injection of 1 c.c. of thrombin solution into the vein of a rabbit; here there is no intravascular clotting, the thrombin being destroyed by antithrombin. The existence of antithrombin can further be shown by in vitro demonstration.
The experiment on the rabbit's circulation is well worth detailing and explaining. If you inject into the vein of a rabbit as much thrombin as would produce coagulation in five seconds when added to blood in a glass vessel outside the body, no ill effects in the circulation of the rabbit are discernible. The animal appears just as before the injection. But a change has none the less taken place, for if the blood be now withdrawn from the rabbit it will be found to have entirely lost its power of clotting, and oddly to contain (i) no thrombin, (ii) no kinase, (iii) no fibrinogen, all of which are required, as we have seen, to produce clotting.
The explanation-one which shows that physiological processes cannot be defined in terms of mere chemistry, that vital processes co-exist, and that the living organism has to be taken into account-is this: Blood in circulation, i.e., living blood, contains its three proteins-fibrinogen, globulin, and albumin, in a living complex (cf. living protoplasm), which may be shown diagrammatically as (a) X but when blood is shed the arrangement is altered:
(i) Fibrinogen breaks free from the other two proteins-is liberated and links itself up with (ii) the thrombin which is called into being from the blood-platelets when blood escapes from its normal vessel wall and condition, and the diagram becomes (b) So much, then, for preparation and modes of action; the fields of usefulness of the protagulin will now be discussed, and here hemophilia first claims our attention.
This disease is primarily the result of a delay in the coagulation of the blood due to the absence of certain of the three factors mentioned previously. Normal blood clots in from five to ten minutes. Hemophiliac blood may take any time to clot, varying from fifteen to ninety minutes. As to its wetiology the old theory of fragility of the vessel wall is now abandoned, the cdema of dry-cupping having been shown to be no greater in haemophiliacs than in normal individuals.
The defect in heemophiliac blood lies in its deficiency in thrombokinase, its precursors, i.e., the elements from which it is derived, platelets and leucocytes in this disease being respectively absent and fewer in number. The addition of leucocytes to hLemophiliac blood causes rapid clotting because the derived thrombokinase thus added completes, together with calcium and prothrombin (which are already present) the three initiatory factors necessary for coagulation. That this is not a -theoretical assumption has been proved at St. Mary's Hospital, where clotting has been produced in the blood of a haemophiliac patient by the addition to it of -thrombin. In the treatment of haemophilia, then, thrombin would appear to play a specific part, all important to us as dental surgeons. The quantity of calcium in hemophiliac blood is relatively as great as that in normal blood. That empirical remedy, calcium lactate, to which as students we were told to pin our faith, is of questionable value; its action on the vessel-walls, if any, is due to its vasoconstrictor power and not to any coagulant quality. There is, in addition, no evidence of calcium deficiency in hwmophiliac blood, and without doubt the continued administration of the drug, if it increases the amount of calcium in blood, delays clotting. The calcium fetish is so firmly established that I must here relegate MY-OD 2 * at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from it to its proper place by stating that Professor Collingwood has demonstrated that the clotting period was delayed in the case of the blood of a patient to whom calcium had been given for several days. Further, the addition of thrombin to two specimens of blood, the one calcium-containing and the other calcium-free, produces rapid clotting iii both cases; and this proves that, apart from starting the cycle of events in normal clotting, calcium has no value as a coagulant. It is thus fairly evident that when blood refuses to clot, a deficiency of thrombokinase, and therefore of thrombin, is the cause. If further conijrmation of this fact be required it is forthcoming from evidence supplied by Sir' Almroth Wright, who has successfully treated haTmorrhagic conditions by the administration of tissue-extract obtained from the thymus gland, which is rich in thrombokinase.
I have indicated the source of thrombin and shown you the part it plays in inducing coagulation of the blood. It only remains for me to refer to its uses clinically in the arrest of haemorrhage; and these are obvious. There is no degree of bleeding which may occur in our day's work to which its employment is Dot applicable, but its most important use is in hmorrhage after extraction. This is shown by the following brief case-records:-Case 1.-A hospital patient in Dublin had been bleeding after extraction for some hours with that indeterminate oozing over a large surface which cannot be plugged and which is so difficult to control. My colleague, Mr. Sheridan, who was on duty, saw the case, worked with the other styptics and hemostatics in common use for three-quarters of an hour without avail. He sent for some protagulin and applied it on a cotton-wool roll to the oozing surface with no more pressure than would keep it in position, and in something like forty-five seconda bleeding had ceased.
Case 2.-This case, also occurring in a hospital patient, was one in which two upper central incisor roots had been extracted, and one of them continued oozing from twelve o'clock in the day till about seven in the evening. Mr. Sheridan again applied thrombin, not by packing but by placing it on cotton loosely across the mouth of the socket and leaving it to come away of itself, after the clot had formed beneath.
Case 3.-This case occurred in my practice in London in July last year. I had extracted from the mouth of a lady at 3 p.m. a second upper bicuspid (a pyorrhceic loose tooth with a degenerated socket and pericementum). It was an easy extraction, and bleeding, at first copious, had almost ceased when, against my wish, she left my house. She returned at 10 o'clock next morning; there had been bleeding all night from the socket and it had not ceased. I made a solution of protagulin with normal saline 15 nu, and held it over the mouth of the socket; the hsemorrhage ceased immediately and did not return. I did not time it, but the whole procedure could not have taken two minutes for performance. The record of this third case induces me to mention another good quality of protagulin-its absolute permanency. In the old days when the fluid solution only was obtainable one could not trust it for more than two to three months, but the dried extract which we now use does not degenerate with keeping. The sample which I used in the case just quoted was made more than eight years ago and itacted like a charm.
Case 4.-A left lower canine incisor loose and socket inflamed; bleeding continued copiously for about fifteen minutes and showed no sign of ceasing. I applied protagulin, directing the patient to keep the pledget of cotton wool over the socket with his own finger lightly, and bleeding ceased almost immediately.
Case 5.-A colleague in London had occasion to do some extractions for a man aged about 45 to 50 with a history of bleeding. He warned him to go home and keep quiet, and if any trouble arose to ring me up as he (my colleague) would not be in London on the following day. I was rung up about 10 o'clock in the morning to say that my friend's patient had begun to bleed about midnight and had been kept awake by it all night. The bleeding was not violent, but it was continuous and showed no sign of stopping. I made up a solution of protagulin and sent it down by special messenger with directions for use. I was rung up shortly afterwards and told that bleeding had ceased on its application. All these cases are exceedingly satisfactory. They are not many in number, but so far I cannot record a failure. The preparation itself is no longer issued in liquid form on account of its instability, but is put up as a dry extract in a little glass tube (Bell and Croyden). Each small tube contains sufficient for one application, and each large tube sufficient for two. There is a file mark on the side of the glass tube, and the solution is made by filling up to this measure with normal saline solution 15 ni: a piece of cotton wool sufficient to cover the mouth of the socket or bleeding surface is soaked in the solution and lightly applied to the bleeding part with the finger. One great advantage of protagalin is that anyone can apply it; where you have reason to suspect bleeding, that is, in cases where there is a previous history, you can make your patient safe and your mind easy by giving him a solution to use should occasion arise. I have once or twice done this with happy results. the peripheral cells from the endothelium of the vessels, the central cells, the corpuscles, and the liquid in which they float form the plasma. Blood is not a tissue by itself; it is only complete when it is joined to the endothelium, for the endothelium is an essential part of the tissue. Blood, once it is outside the blood-vessels, is blood which will soon be dead. The real cause of clotting is the tearing in two of a tissue which is normally one. Coagulation is death of the blood, just as rigor mortis is the death of muscle. The certain sign of muscular death, the sign that is absolutely unmistakable, is the hardenintg of muscles; similarly, coagulation is the hardening of the blood and the death of the blood. That, I believe, is a sound foundation for any theory of clotting. Why does blood clot? Is there any physiological function in its clotting? In so far as arterial hmmorrhage is concerned clotting will not stop it. The blood comes out so quickly that it has not time to die and clot before it is washed away. It is only in slow oozing and capillary heemorrhage that clotting has any function in the arrest of hemorrhage. One might ask: " Would it not be a good thing if blood clotted much more rapidly than it does--if it clotted instantaneously? " The answer is in the negative. The flow of blood has a definite function. It washes away the bacteria which have been introduced by the knife, or whatever may have caused the wound. It is an excellent method of producing sterility. I think it might be useful for me to show you a diagram. Here is a blood-vessel with the endothelium lining (see p. 23).
ADDENDUM R~EMARKS
Let us endeavour, if we can, to see what is inside the vessel with the eye of modern knowledge. With the red and white corpuscles we are not concerned at the moment; but you will see in the vessel what Mr. Goldie has called the protein-complex. You observe a molecule of fibrinogen, a molecule of thrombogen; and a protein molecule attached together. These three bodies are in that state of union inside the blood-vessel. You will also see calcium ions in the solution, closely accompanied by an acid radicle which I have not shown. You will notice in addition the platelets in the blood-vessel. Nobody can be sure where these bodies come from, or what their function is in circulating blood; but directly blood is shed they begin to get busy. Now, imagine a break in this blood-vessel, and the blood oozing out. The plasma is dying and the first sign of death is a break-down. In shed blood the protein breaks off, leaving fibrinogen and thrombogen still united. In addition to this the platelets in the plasma begin to react with the calcium, the reaction leading to the formation of thrombokinase. And now a third change occurs. The fibrinogen and the thrombogen break away from each other, and the original colloid complex of circulating blood is in ruins, and fibrinogen and thrombogen are free. The next change is a reaction between the thrombogen, the calcium ions and the thrombokinase, to form thrombin. Finally, this thrombin meets with the fibrinogen to form fibrin. Clotting accordingly occurs. How complex are these changes I But blood is a most complex fluid when alive, and we cannot expect its death to be simple. The story of coagulation is a long story, but there is experimental evidence in every chapter it contains. For the more recent work we are greatly indebted to the researches of Pickering, Hewitt, and De Sousa, which have thrown mueb light on the problem.
There are some very remarkable things about those changes. One is that the clotting of blood takes a considerable time; and here I would supplement one Mr. Goldie's statements. He said that normal blood clots in five to ten minutes and hemophiliac blood in fifteen to ninety minutes. Unless one defines the temperature of the experiment, these figures are lacking in an important detail.
For normal blood will clot in a minute and three quarters at 370 C., and in about eight to ten minutes at 180 C., so that it is necessary to state the temperature when stating the times of clotting. Now if one brings in the question of time, it may be asked in what stage of clotting is time required ? It is in the formation of thrombokinase that most of the time is spent. Stage No. 1 is a very slow stage. Stage No. 2 is much more rapid, whilst Stage No. 3 is almost instantaneous (see diagram, p. 23). If one mixes fibrinogen and thrombin together you discover two remarkable facts: first, thrombin is practically instantaneous in action, and, secondly, it is uninfluenced by difference of temperature. It will, if sufficiently concentrated, form a clot instantaneously at 18i C., and it will also form a clot instantaneously at 370 C., so that it is impossible to demonstrate at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from any temperature influence. If the total time is, say, eight minutes, certainly sevenand-three-quarter minutes will be occupied in the first two stages, and the lest stage will be practically instantaneous.
With regard to one of the experiments to which Mr. Goldie referred, that is, the injection of thrombin into a rabbit's vein, there was injected into the veins of a rabbit enough thrombin to produce intravascular clotting in five seconds if the blood had been outside the bodv. We calculated the quantity of blood in the animal by taking one-fifteenth of its weight to be blbod. As a result of this injection there was no intravascular clotting at all; nothing whatever happened to the animal so far as we could judge. The animal was finally bled into a vessel, and the blood that was shed remained practically uncoagulated for twenty-four hours; it contained neither thrombin nor thrombokinase, nor fibrinogen. How is one to account for this most remarkable absence of intravascular clotting ? One can answer that the fibrinogen was protected by its combination with protein and thrombogen in the complex from the action of thrombin, for it appears that thrombin cannot coagulate the complex of the living plasma; it can only act thus upon the fallen stones, the edifice resists its powers.
Apart from theories of coagulation, what can be said of thrombin as a styptic ?
One can say that it is certainly the most rapid clotter, more rapid than thrombokinase, this latter body having to form thrombin before it can exert its coagulant action. From the physiological aspect, thrombin is the ideal coagulant. In haemorrhage, if one. can get thrombin in contact with the blood as it is escaping, one will certainly clot that blood in the quickest possible time. What higher claim can be urged for any styptic, and what are the other hbemostatics in common use? Take tannic acid as an example. This drug produces precipitation of protein and not coagulation. If one produces a precipitate in a tube, the contents of the tube can be emptied into another vessel, whereas if one produces coagulation the tube will not empty-there is soup in the first case and a jelly in the second. Thrombin and kinase are gelatinizers. The advantage of thrombin over kinase is that thrombin is the finished article. It is surely better to use the thing that is formed already rather than its precursor? To apply thrombin to a bleeding surface is the physiological aid to gelatinization on the surface, and such gelatinization, if started on the surface, will presumably extend to the injured parts beneath the surface.
As to the preparation of thrombin, it is formed by a method which is an adaptation or evolution of Gamgee's method. It is curious to note the enormous amount of blood that is required to form very little thrombin; in other words, thrombin is extremely concentrated. The amount of blood necessary to give you twelve dozen tubes is the blood of about forty sheep. That is a fair estimate.
Protagulin is simply a dried, active preparation of thrombin. The drying without destruction was the difficulty; we tried various methods of drying for years and one and all failed, in that they destroyed activity. After many failures success at last came; an active dried preparation which would keep indefinitely was obtained. With regard to the sterility of protagulin, the tests we are now applying are animal tests. A sample is injected into an animal to exclude the possibility of anthrax or tetanus. Those are two real dangers which must be absolutely eliminated. It is almost impossible to dry a powder and keep it free from bacteria in the air, but our mouths are saturated with these air bacteria. Now in regard to hsemophilia, it is not sufficient to prevent heemorrhage on the surface.
There was a case in St. Mary's Hospital to which I was called-that of a boy who had a wound in his hand. He had been bitten by a dog and had been bleeding seriously for a week and was very anaemic. Protagulin was applied to the surface, and the bleeding nearly stopped. But there was still a little oozing. Subcutaneous injections of fibrinogen (Merrell) were given and the last thing we tried was to put compression on the artery.
These measures eventually stopped all external hoemorrhage, but in hemophilia there is always the danger that if one stops hemorrhage superficially hbamatomata may occur, and this was precisely what happened. In spite of this the boy ultimately recovered.
That this boy was treated by three remedies renders the case useless from the point of view of science. It was anything but a clean experiment. But when a patient is hovering on the brink of the grave, one forgets all about clean experiments and tries everything that holds out prospects of success. Such methods are fully justified when dealing with human life. Fortunately haemophilia is an extremely rare disease. I suppose it is confined to two or three families in England and one or two in Ireland.
